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DURUM  HIE/T 


Breeding  better  durum  wheets  involves  consideration  of 
a  number  of  crop  Improvement  problems.   The  ftrmer  desires 
a  rust-reeisttnt  and  productive  variety.   The  grain  tr:  de 
prefert  ■amber"  or  white-kemeled  to  rod-kerneled  durum 
wheats  and  pays  accordingly.   ; oberts  (14)  hce  pointed  out 
that  the  moat  rust-resistant  durum  whet  ts  are  of  low  quality 
for  macaroni.   Ihe  durum  wheats  as  a  class  ere  more  resis- 
tant to  stem  rust  than  are  common  whetts.   M  tcngdon,  N. 
.,  stem  rust  is,  perhaps,  the  major  limiting  ftctor  of 
production.   Since  varieties  within  the  durum  class  vary 
widely  es  to  their  stem-rust  reacti  r,  major  c  nsiceratlon 
should  be  given  rust  resistance  in  a  breeding  program* 

Jlaearoni  manufacturers,  especially  those  in  the  United 
States,  demand  a  very  high  quality  of  semolina.   It  must 
free  from  grayness  or  spookinoss,  and  contain  a  sufficient 
■mount  of  yellow  color.   Hillers  find  such  semolina  can  be 
made  best  from  ember  durum  wheat  of  high  test  weight  and  pro- 
tein content  and  a  clear,  yellow,  translucent  color.   From 
the  standpoint  of  the  farmer,  therefore,  it  is  necessary  to 
breed  durum  wheat  which  is  satisfactory  to  the  trade.   If 
the  ftrmer  ctnnot  obtain  the  top  price  for  durum  together 
with  a  higher  yield,  the  wheat  will  be  undeslable  and  he 
will  grow  hard  red  spring  wheat. 


Resistance  to  lodging  find  shorter  stems,  resulting  in 
grecter  ease  of  handling  are  other  characters  to  be  desired 
in  improved  durum  verietlee.   In  the  durum  wheat  region, 
rains  ard  wind  often  ctuse  serious  losses  from  lodging  •- 
bout  the  time  the  wheat  starts  to  ripen.   This  is  especial, 
ly  true  in  favorable  seasons  when  the  growth  is  heavy. 
Durum  wheat  is  hard  to  handle  because  of  its  flexible  bend- 
ing stems  and  long  awned  spikes.   lor  binding,  shocking, 
and  threshing,  or  for  handling  rlth  a  combine,  a  durum  with 
shorter  and  stronger  stems,  one  spikes  at  a  more  uniform 
height  is  oesired.   Shorter  spikeB  and  awns  and  possibly 
smooth  twns  would  be  desirable. 

Barliness  of  ripening  is  not  a  desirable  character  If 
it  is  accompanied  by  a  reduction  in  yield.   Strains  which 
have  a  long  fruiting  period  appear  the  most  promising  w'th 
resp  ot  to  yield,  unless  drought  intervenes.   Frost  damage 
is  not  likely  with  reasonably  early  seeding.    ■■■  rliness  is 
not  es-ential  a3  related  to  escape  from  rust  is  rust  resis- 
tance can  be  bred  in  new  varieties. 

Recently  bunt  has  become  a  serious  disease  in  durums, 
(7)  and  (12).   Other  diseases  such  as  scab,  ergot,  end  leaf 
rust  are  present  in  the  durum  wheat  area,  but  have  not  se- 
riously threatened  the  crop.   However,  oireful  observations 
should  be  mace  on  the  reaction  of  varieties  whenever  these 
diseases  occur.   lhirther  study  may  3how  thEt  resistance  to 


diseases  and  to  lecf  yollov7ing  nf  y  bo  of  sufficient  in- 
port  nee  to  Justify  brooding  for  thoir  control. 

meld  Is  tho  sanation  o'-  the  reaction  of  the  plint 
characters  to  onrlronment.   It  Is  necessary  to  brood  for 
yield,  inasmuch  as  yield  la  due  to  e  eotqplex  of  Inherent 
chcrtctsrs  and  physiologlo  conditions  shlch  ctnnot  readily 
be  dstormlned  In  any  other  wey. 

previous  arm 

Cooperatively  few  brooding  utc  lnheritenoe  studies  hare 
bean  asde  with  durum  wheat.   More  work  h* s  been  done  In 
crossing  darua  and  vwlgarc  whoata  In  en  attempt  to  produce 
common  wheats  resistant  to  atom  rust*   Stoat  of  the  stud! 
mace  with  durum  wheat  have  also  detlt  with  rust  resistance. 
II.  rrlngton  and  Seaodt  (9)  reported  on  the  reeetlon  of  dura 
srossss  to  different  forms  of  stem  rust*   Hladua  z  Pentad 
la  gresnhooss  seedling  studies  gews  inCicctl  ns  of  a  single 
factor  difference  to  rust  form  3,  ana  the  results  with 
1  also  wars  explained  by  a  single  main  feetor  difference. 
So  linkage  ass  obserwod  between  seed  color  and  rust  resis- 
tance.  These  workers  obttined  a  oont'nuous  series  of 
strains  showing  different  degrees  of  resistance  one.  suscep- 
tibility, but  only  six  out  of  110  I-'j  families  ;ere  highly 
resistant  to  both  forms  of  rust.   Iicrrington  (8)  lc tor 
ported  on  the  lnhorltcnco  of  resistance  to  sten  rust  in 
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Parker,  and  Xerteeoll  (U)  found  that  they  eould  not 
•11  tho  roaletejvco  of  tho  darua  beeruse  It  depended  a 
tboa  ono  n  etor  cne  tholr  mart.ura  vara  aot  mf rtelontly 
lirge.      ihoy  reported  a  ratio  or  IS  aaeoeptlble  plusta  to 

ooaaaa  eroaaoa  IB  tho  oaae  year  fouaC  rust  aus  optlbllty  to 
ha  donlacnt.      Ihey  eoaelneed  that  tho  aece  or  inherit;  noo 
of  rest  rool»Urso  ana  tho  saoe  mm    that  involved  la  tho  ln- 
aarltaaoe  af  botaatoal  or  norpholoclecl  eberaetora,  is:  the* 
sialic?  tseaata  ahoald  bo  aaployed  la  brooding  for  root  ro- 
lattnoo. 


Baldron  (17)  found  thet  progeny  from  susceptible  atri  Ins 
of  Kubenks  x  tome   Fife  wero  intermediate  in  their  rust  be- 
havior.  Bo  concluded  that  «t  least  too  factors  wore  re- 
sponsible far  rust  roeeti  n« 

Puttlek  (13)  explained  tho  reaction  of  tho  Fg  Of  a  cross 
between  aaraals  one  Hindu*  to  Mot  form  19  by  s  single  fee- 
tar  with  modifier*,  but  •  single  fcotor  old  not  account  for 
tho  recetion  to  rust  form  1.  However  55  out  of  888  Fg 
plants  were  highly  realatant  to  both  forma,  indicating  thet 
there  ar*  possibilities  In  the  method  of  synthetio  brooding 
to  obt:  In  varieties  resistent  to  sevorti  forms  of  rust. 

Clark  and  tilth  (5)  found  susceptibility  to  be  dominant 
to  resiatmoe  in  the  durum  sheet  cross,  Kodak  z  :£chla,  with 
indications  of  at  least  two  genetic  ftetor*  being  involved. 

lb*  Panted  x  /krone  cross  was  studied  primarily  for  th* 
inhoritf  no*  of  ruat  reaoti  n,  beoauo*  of  tho  Import.-  noe  of 
the  problem  and  suitability  of  the  parents  for  such  a  study. 
In  addition  to  ruat  reaction,  kernel  oolor,  yield,  toat 
weight,  date  of  heeding,  .'ate  of  ripening,  gasoline  oolor 
vt.luo,  sad  •mdo-protoin  content  of  tho  grain  were  studlc 
These  eher actors/were  studied  in  relation  to  the  parents 
in  their  relatione  to  each  of  the  other  sharaotera. 


Pentad,  or  D»o,  la  •  ruat-resietcnt  red  aura*  whioh  was 
fron  finoalo  In  1905  toy  tho  Berth  Dakota  /grioul- 
turol  Ezperlneat  Statl  n.   Iho  wcrioty  (B)  haa  nearly  *1U 
glioses  end  anas  and  the  kernels  are  rod,  short,  cad  pluap» 
She  wwlety  was  flrat  distributed  (4)  toy  the  Berth  Bekot* 
-grleulturtl  -jsperinont  Sttti  ti  lo  1311,  end  ainoe  that  tins 
baa  boon  groan  oxtoncvoly  In  north  Dakota.   It  la  oonaid- 
erod  toy  tba  fernera  to  toe  parti  oularly  ceelreblo  for  Uto 
settling  ainoe  it  will  not  too  damaged  toy  mat,  owon  though 
soan  lata.   It  la,  however,  of  no  vclue  for  ateeronl  be- 
oaoae  of  the  greynoea  ana  opeoMneoe  of  lta  product.   On 
the  narlcot  It  brings  a  lore*  prion  than  amber  caroms,  and 
la  largely  exported  or  uaod  for  food. 

/krone  is  an  onbar  durum  otoiob  «ao  aolootod  from  Am 
ka,  c.  I.  1498,  in  1818  at  the  Moron  Field  Statl  n,  vkron, 
Colo.  (3) .   Roaulta  at  that  atatlon  showed  ikrono  to  bo  the 
bast  yielding  durum  wcrioty.   It  Is  oerly  notorlng  and  high 
in  gtoollns  oolor  weluo,  indicating  aultctollity  for  aaooronl 
—roiiisis.   Under  asvoro  rust  conditions,  /krone  nay  toe 
damaged  oonslCortitoly. 

Contri  etod  Charaotora 
Tho  oharaetore  Owadlod  and  tho  ooafcrcotlng  dlfforonoos 
of  tho  too  paronto  ondor  soluble  environment*.!  conditions 
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The  pcront  wirioties.  Pentad  and  /krone,  ere  well 
suited  for  ft  study  of  ston  rust  rototlon  boecuss  Pontid  Is 
t  e  aost  ruat-roslotmt  durum  wbeet  known,  while  ikrone  Is 
caong  the  aoet  susceptible*   This  afforded  becrly  a  msx- 
lana  rings  between  resistance  and  cusce  tibility,  where  the 
hybrids  night  fell  In  clceees  not  ohtrtetorlstlc  of  either 
parent* 

-  lthough  aeleeted  primarily  for  differences  to  to  mat 
reaction,  the  parents  exhibit  rtthor  narked  dlfferenees  In 
the  other  ehercoters  ctucled*  They  are  very  different  In 
quality.   i.Tiilo  at  the  Kansas  State  Agricultural  Collage 
In  J.  nuory,  1930,  sono  quell  ty  studies  of  Crxrwa  wheat  vtr- 
letles  were  mod*  by  the  writer*   In  e  camps ri son  of  "noodle 
strips"  mede  fron  tha  flour  of  the  two  parent  wariotios, 
Pentad  shewed  a  dull  dirty  brown  oolor  while  ; krone  had  a 
bright  clear  yellow  oolor,  more  Intense  even  than  Hindus 
which  Is  Mopt  .:  by  tho  trade  as  the  best  durum  fron  a  mae*> 
eronl  quality  standpoint.   Pentad  la  rse.karaoled  end  Is 


low  in  gkBoline  color  value,  nhile  jkrono  has  *  ceep  M 
kernel  color  end  tea  *  very  hijjh  ,-t  sollno  color  vcluo. 

In  est  damage  from  stem  rust  were  very  ssvoro,  a 
In  recuoticn  la  yield  of  .'kroas  twiM  be  expootod,  while 
Pasted  should  sot  be  uaagsd.   Teat  weitjht  should  to 
tad  la  the  a  caw  aaansv.   /krona  la  oaa  or  the  atrUest  of 
tbo  Curua  vwi  tloa  tooted,  being  fro*  «*»  *°  tw0  ee7" 
liar  in  both  fasting  anC  ripening  thfca  Pentad, 

Sao  oroM  between  Peatcd  and  /iron*  acs  one  of  several 
aede  at  the  Hor thorn  Groat  Pleina  Field  Stt  tlon  at  r.iadea, 
Dakota,  in  1928«   The  F|  plants  were  groan  In  the 
at  -  rlingtoo  Fara,  Virginia,  in  the  alntor  of 
1MB  .  1989*   Sood  froa  the  l:x  plenta  aaa  sent  to  Langdfl 
for  planting  In  the  3prlng  of  1029.  to    rust  data  wore  ob- 
tclned  or,  the  Fj  plants* 

In  1929  the  Ps  population  wi  s  grown  in  five  rowa.  The 
kernels  vara  spaced  throe  lnehes  apart  ia  rod  rows,  oaa  foot 
apart.   Oao  row  of  etch  pirent  ma  grown  on  either  si-  a  of 
the  hyLirl-a.   In  1950  the  aatericl  occupied  168  rows,  160 
rows  being  P8  otrtlna  sad  tbo  roaalndor  being  ohoek  rowa 
of  the  Pentad  sad  /kroas  perenta,  which  alternated  ovary 
tenth  row*   I  full  rod  row  with  a  porfoot  ataad  eontelnsd 
70  plinta. 

Ho  attempt  wt.s  cede  to  introduce  particular  physiologie 
foras  of  atom  rust.   The  natural  opldoala  oonalatad  of  the 
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forms  of  rust  present  In  the  locality.     By  the  use  of  sus- 
ceptible varieties   In  border  rows,   spacing  the  seed,    and  by 
planting  late,   a  heavy  Infection  was   obtained.      A  study  by 
Dr.  M.   H.  Levlne  at  University  Farm,   St.   Paul,   of  the 
physiologic   forms  present  In  the   locality  In  1929   Indicated 
that   form  17  was  probably  responsible  for  a   major  part  of 
the  Infection..     Kust  collections  made  In  the  nursery  In 
1950  were  sent  to  Dr.  Levlne,  but  a  report   of  the   Identity 
of  the  forms   present   this   year  Is   not   yet   availoVl<  . 

The  seasons  of  both  1929   and    1950  wer<    unusually  favor- 
able for  developing  a   severe  rust  epidemic.     In  both  seasons 
these  durum  wheat   crosses  were   planted   late  and   sufficient 
rain  prevented  pr mature  ripening.     The  crop  was   not   too  far 
along  when  the  rust   inoculum  became  abundant,   to  become 
heavily  Infected.      Akrona   and  a  llgule-less   common  wheat 
were  sown  In  the   alleys   In   1930   to  Increase  the  amount  of 
Inoculum  present.      Of  more   consequence,    however,  was   the 
fact  that   throughout   the   first  week   after  the    first   appear- 
ance of  rust   In   19?0,   the   climatic  conditions   for  its 
development  were   practically  Ideal.     Very  little  difference 
was   apparent  In   the  amount  of  Infection   In   the   two   years. 
This   Is   Important   for  co  parlson   of  Fg  and  F3  reactions. 

hen  the  relation  of  rust  to  yield   Is   compered    for  the   two 
years,   It   Is   apparent   that  rust  did  more  damage  In  1950 
than  In  1929. 

In  both  veers  the  plants  were  pulled  when    fully  ripe 


aad  examined  individually  for  rust  Infection.   Tho  rust  re- 
action w*i  quantitative  la  appeertnoe,  there  being  no  dis- 
tinct cclegorios.   iieeh  pleat,  therefore,  wee  classified 
for  aaount  of  atea  rust  in  the  following  clr saeat  toe  oe,  or 
two  per  c  ent,  end  in  ten  per  eeat  frequency  oImbi  10,  20, 
SO,  40,  50,  60,  70,  end  80,  eoeordlag  *©  ***  lnfectloa* 
'these  degrees  of  iafeotioa  ere  shown  la  Plrte  1.   The  per- 
eonf  gee  were  oonsidored  the  eentor  of  their  el ess,  1.  e., 
10  per  cent  wts  the  midpoint  of  5  to  14  per  oeat,  enc"  20 
the  nidpolnt  of  15  to  24  per  cent,  ete. 

In  the  F8  geaerstloa  eeeh  pleat  wse  threshed  separate- 
ly sac  the  individual  pleat  yields  recorded.   In  1050,  after 
the  raot  els  uifiestlon  wee  eoapleted,  the  pleats  of  eeoh 
atri-ia  or  row  were  put  together  sat  threshed  es  ea  F3  bulk. 
Tho  average  yield  per  pleat  wee  celoulcted  by  dlwldiag  the 
yield  per  row  toy  the  aumber  of  plerts.   Oa  the  bulk  grata 
froai  the  Fg  etrtlas  and  parent  cheeks,  teat  weight,  gasoline 
color  vtlue,  sad  crude  protein  content  were  determined. 


late  I.-Ston  rust  Infeotlon  classes  used  In  the 
classification  of  the  F2  end  Fs  generations  of  the  Pentad 


at 


n.  Dale.,  in  1989 
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SBGKHJATIOK  OP  CHARACTERS 

The  results  for  each  of  the  characters  studied  follow 
In  the  order  Hated  above.   Major  consideration  Is  given 
to  stem-rust  reaction. 

Stem-i'.ust  Reaction 

A  eareful  separation  of  the  parent  and  Fg  plants  was 
mace  In  1929  Into  tho  percentage  clrsses  for  stem-rust  In- 
fection.  The  results  from  the  progenies  of  five  Fi  plants, 
including  reciprocal  crosses,  were  compared,  and  as  there 
were  no  apparent  differences  among  the  F2  families,  they 
were  combined. 

The  percentage  rust  elasses  of  the  parents  and  Pg  hy- 
brid plants  of  the  Pentad  x   /-krona  durum  wheat  cross  are 
shown  In  Table  I  and  Fig.  I.   A  population  of  184  Fg  plants 
was  grown.   Their  distribution,  in  relation  to  that  of  the 
parents,  indicates  an  intermediate  inheritance  or  that  sus- 
ceptibility may  be  partially  dominant.   Thirty-four  and  six 
tenths  per  cent  of  the  Fg  hybrid  plants  were  in  the  classes 
of  40,  50,  and  60  por  cent.   This  rust  reaction  is  similar 
to  that  of  Akrona,  the  susceptible  parent.   Only  5.4  per 
cent  of  the  hybrid  plants  were  in  the  10  por  cent  class, 
which  included  89.8  per  cent  of  the  plants  of  Pentad,  the 
resistant  parent.   There  were  no  hy'rid  plants  in  the  trace 
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Figure  1.  Stem  rust  distribution  for  parents,  F2  population,  and 
reaction  in  F2  and  F3  of  150  F3  strains  of  the  Pentad  x  Akrona 
durum  »heat  cross  at  Langdon,  Korth  Dakota,  in  1929  and  1930 
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or  two  par  oent  class,  while  60.8  par  oent  of  thi 
plants  were  In  this  class.   Thus  there  aas  a  definite  tan. 
asnoy  towards  susceptibility,  with  only  10  r2  plants  snow- 
ing resistance  within  the  range  of  Pentad,  while  M  Pp. 
plants  ware  folly  as  susceptible  aa  /krone,  fb 
rust  psi  sentags,  Sl.T  per  ©eat,  for  the  F8  hybrlCs 
60.9  par  oent,  the  average  of  Akrona,  nore  closely  than  6.8 
per  cent,  the  aweraga  of  rented,  the  nawbers  of  resistant, 
Intoroodlete,  and  susceptible  plants  <  o  not  give  a  olose  fit 
to  a  single  genetle  footer  ratio. 

Only  160  of  the  184  F2  plsata  were  selected  for 
study  end  these  were,  not  a  true  raadon  seaple  In  thet  they 
contained  a  aamller  proportion  of  strains  fron  the  SO  per 
want  nodal  aloes,  and  a  larger  proportion  of  the  other  alas* 
aa.   The  etssn  met  lnfoctl  n  of  the  selected  *f  strains 
Shoes  a  similar  reaction  or  sjiiisali  J  of  curwe  to  the  F2  pop- 
ulation, aa  shown  In  Fig*  1.   In  eoaperlng  the  eurvos  show- 
ing the  aweraga  Infection  of  the  F3  strains  with  their  in. 
faction  In  I2,  a  alight  shift  toward  reslstanoa  la  lndlaatad. 
Shis  la  as  might  be  ex.eatec.   If  eueooptlbl  ity  Is  domi- 
or  partially  dontaant,  the  breaking  np  of  neterozygeua 
i>tiblo  strains  will  tend  to  lnoreaea  the  proportion  of 
reelstont  plants.   The  dlffarenee  In  the  weans  for  stoa- 
rwet  infection  of  the  Fg  plants  and  Fj  strains,  38.8  and 
31*6  per  eent  respectively,  la  not  statistically  slgnlfloana* 
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It  is  Impossible  to  say  definitely  whether  or  not  the 
F2  rust  reaction  was  similar  to  the  Fg  reaction  beoause  of 
the  possibility  of  error  Introduced  by  the  difference  In  the 
nature  of  the  epidemics  in  the  two  seasons.   Judging  from 
the  parental  rust  reactions  in  tho  two  years,  the  two  epi- 
demlcs  caused  about  the  same  amount  of  Infection,  for  al- 
though Pentad  shwed  1.2  per  cent  less  rust  In  1930,  Akrona 
show  d  2.2  per-  cent  more  than  in  1;29.   Pentad  showed 
strong  resistance  and  Akrona  high  susce  tibillty  in  both 
set sons. 

A  comparison  of  the  ourve  of  the  Pg  based  on  a  total 
of  8,337  plants  in  comparison  with  that  of  the  F2  for  185 
plants  reveals  a  similar  type  of  distribution.   In  Fg,  the 
intermediate  classes,  which  may  be  assumed  to  oontain  a 
larger  proportion  of  segregating  strains,  show  a  decrease  in 
the  percentage  of  the  total,  while  the  extreme  resistant 
and  susceptible  classes,  supposedly  more  homozygous,  show 
an  increase  in  the  percentages.   Some  F3  plants  were  ob- 
served in  the  extreme  classes  of  2  and  70  per  oent.  Thus 
it  was  possible  to  recover  F3  plants  having  the  strong  re- 
sistance to  stem  ru3t  of  Pentad.   The  presence  of  a  few  F3 
plants  in  the  very  susceptible  70  por  oent  class  suggests 
transgressive  segregation. 
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Tba  oooroea  lnfootlon  of  tho  F3  stralro,  Olstrlbutot 
la  ttw  por  ooat  «Hp»|  alaaooa  ana  arraagod  ■u««M«i  1 
too  Fg  porooataga  olaoooa,  ia  anaaariaoa  la  Tobla  Bi 

SB*  aooraga  distribute  m  of  tho  Fs  atrolna  ahowa  tba* 
of  8  plonta  ol«a«lflod  as  bovine  10  por  ooat  wot  la  Fg,  on- 
ly two  or  26  por  ooat  wore  oo  rosiotoat  as  Pentad.   Oao  was 
oooooptlblo  one  ooiaontly  oooapod  Safooti  *»  la  1989.   lbo 
•orrootod  F2  porooatogo  obooo  only  1.4  por  coat  or  tho  totol 
p§  to  oo  roolatoat.   M  tba  otbor  one  of  tho  aorroctofi  dia- 
trlbotlon  tfaoro  wore  16.2  por  ooat  of  tho  Fg  plants  os 
ooptlblo  oo  Akroaa.   Tbo  foot  tbot  tba  roalatonco  of  Pon- 
tod  00s  dlffiaalt  to  roooror  InClcotoo  tbo  proaoaoo  of 
oral  soaotla  footers.   If  tbo  ouooo  tibia  aocrogetoa  fouad 
la  tbo  TO  por  ooot  oleaa  oore,  aauoad  by  tbo  uoaol  typo  of 
troaogroMloo  aogroe  tJon,  aona  vary  rooisUnt  sagragato* 
oould  oloo  bo  oxpootod.   «»o  foot  that  tho«o  ooro  not  eb 
tolned  la  ttai*  arooa  aaggoota  tbo  grsioaoa  of  Inhibiting 
aodlfjrlng  factors. 
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Tha  high  correlation  between  the  P2  and  Fg  results 
Indicates  that  the  sane  physlolonlo  form  or  group  of  form, 
of  stem  rust  were  present  In  the  two  seasons,  ant  that  a 
high  degree  of  accuracy  was  attained  In  the  iKlllltllM  • 
of  the  F2  plants.   The  8  plants  which  were  ola  sified  as 
having  10  per  cent  of  rust  In  Fg  produced  F3  progenies  that 
aTeraged  21.2  per  cent  rust.   Thirty-three  F3  strains  from 
P  plants  with  20  per  cent  rust  averaged  23.5  per  cent  rust. 
Forty-eight  Fg  strains  from  F2  plants  having  20  per  cent  rust 
averaged  28  per  cent  rust.   The  43  F3  strains  from  F2  plants 
having  40  per  cent  rust  averaged  38.5  p*»  cent  rust.   Fif- 
teen F3  strain,  from  F2  plants  having  50  per  cent  rust  av 
aged  43.3  per  cent  rust.   Three  F3  strains  from  F2  plants 
having  60  per  cent  rust  averaged  50  per  cent  rust.   The 
epidemics  In  the  two  seasons  were  similar  as  to  amount  of 
infection.   The  principal  exception  observed  Is  that  one 
plant  showing  10  per  cent  rust  produced  an  F3  progeny  with 
an  average  of  50  per  cent  rust.   This  may  have  been  caused 
by  scab  and  premature  ripening  of  the  F2  plant  preventing 
normal  lnfectl  n  of  rust. 

Standard  devlatl  n.   The  o tandard  deviation  of  rust 
infection  waB  determined  for  each  F3  strain  and  parent  check 
row,  In  or^-er  to  show  the  variability  of  the  hybrids  in  com 
pari son  with  the  parents. 
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The  relation  between  the  average  stem-rust  Infection 
and  the  standard  deviation  for  rust  Infection  of  t\  e  parent 
check  rows  and   the  150  P5  strains  Is  shown  In  Table  III. 
t?oat  of  the  hybrids  are  much  more  variable  than  the  pentad 
parent,  and   many  of  them  are  more  variable  than   'krone. 
The  two  hybrid  stralr.a  having  an  average  Infection  within 
the   limits  of  the  resistant  Pentad  parent,  are  more  varia- 
ble than  pentad.     This   Indicates  that  they  did  not  breed 
true  for  resistance.     The  dats  as  a  whole  Indicate  that  the 
relation  between  rust  Infection  ar.d   Its  variability  Is  not 
linear.     The  classes   Intermediate  for  rust  reaction  tend  to 
have  a  higher  standard   deviation  than  the  more  resistant  or 
more  susceptible  strslns.     This   Indicates  that  the  Inter- 
mediate rust   classes   Include  a   larger  proportion  of  hetero- 
zygous strslns. 

The  Akrons  c>  eck  rows  have  a  higher  etanderd  deviation 
than  the  pentad  check  rows.      Akrons  can  ecarcely  be  consid- 
ered any  less  homozygous  than  Pentad,  since  both  are  pure 
lines.     If  a  variety  had  an  Immune  reaction.   Its   standard 
deviation  would  be  zero.     Hence  It  may  be  that  with  the  ln- 
creaslr^  amounts  of   Infection,  an   Increasing  value   should  be 
taken  as  the  maximum  standard  deviation  consistent  with  ho- 
mozygosity,      ith  this  In  mind,  a  line  was  drawn  In  Table 
III.  laying  off  the  maximum  standard  deviation  of  the  parents. 
On  this  basis,  33  out  of  ISO  strains  may  be  assumed  to  be 
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homozygous  for  their  rust  reaction.   This  includes  22  per 
cent  of  the  strains,  and  leaves  78  per  cent  which  are  ap- 
parently still  heterozygous  after  the  second  segregating 
generation* 

/coording  to  Jones1  table  in  Hayes  and  Garber  (10) 
shoving  0M  eriount  of  heterozygosity  in  a  hybrid  population 
in  succeeding  generations  *fcen  varying  numbers  of  factors 
are  concerned,  very  nearly  78  per  oont  heterozygous  indiv- 
iduals nay  bo  expected  in  the  second  segregating  generation 
wbon  five  genetic  factors  are  concerned.   On  this  be  sis 
flvo  genetic  factors  nay  be  r  o  >on*lblo  for  tho  sJ  em-rust 
reactions  observed  in  this  cross.   To  ^rovo  this,  it  w  uld 
be  necessary  to  test  further  the  homozygosity  of  tho  strains 
by  their  reaction  in  tho  F^  and  later  generations.  This  ar- 
bitrary method  of  detorriining  the  homozygous  strains  may  be 
subject  to  criticism,  but  at  the  present  stage  of  the  invo 
tigati  n  appears  to  be  the  best  Method  available.  This  hy 
pothesis  assumes  equal  effects  of  all  the  genetic  factors 
oo::o;rneci.  /ctually.  It  is  possible  that  two  or  three  najor 
factors  and  other  minor  factors  are  rosponsible  for  tho  rust 
reactions  observoc.   Some  of  the  factors  may  control  mor- 
phologic and  others  physiologio  differences  related  to  rust 
reaction.   It  will  be  noted  that  none  of  the  otrr.'na  had  as 
low  standard  devi;  Ions  as  did  the  Pentad  parent  check  rows. 
This  indicates  that  150  strains  mm     not  enough  to  recover, 
in  a  homozygous  condition,  the  rust  resistance  of  Pentad. 
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Kernel  Color 

Kernel  color  Is  of  considerable  Importance  In  a  durum 
wheat  breeding  program.  The  data  for  kernel  color  aro  In 
distinct  categories,  whereas  the  data  on  rust  reaction  and 
the  other  characters  are  in  frequency  classes. 

Pentad,  the  rust-resl3tant  parent,  has  a  dark  red  ker- 
nel color  and  has  the  least  desirable  quality  of  the  coiamer< 
clal  durum  varieties.  Akrona,  the  rust  susceptible  parent, 
has  kernels  lacking  the  red  pigment.  "lthough  not  commer- 
cially grown,  experimental  tests  have  indicated  that  Akrons 
should  be  1  ighly  satisfactory  from  a  quality  standpoint. 
Thus  In  the  parents  usod  in  this  cross  there  is  a  very  def- 
inite difference  and  value  In  color  of  kernel. 

The  segregation  for  kernel  color  in  the  F-,   generation 
for  the  pentad  x  Akrons  durum  wheat  cross  is  shown  in  Table 
IV.  In  ig  too  many  amber  kerne led  plants  ware  obtained  to 
give  a  satisfactory  fit  to  a  3:1  ratio.   The  observed  num- 
bers give  a  fair  fit  to  a  91 7  ratio,  the  odds  against  the 
oc -urrence  of  such  a  doviation  due  to  chance  being  7  to  1. 
The  segregation  for  kernel  color  in  the  F3  generation  1b 
shown  in  Table  V.   The  results  do  not  show  a  very  good  fit 
to  the  1:8:7  ratio,  J?  =  0.02,  although  It  is  much  better 
than  to  a  1:2:1  ratio. 
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The  9«7  or  1:8:7  ratio  could  be  explained  on  the  basis 
of  two  complementary  factors  for  red.   Thus  Pentad  w-.uld 
be  AABB  and  Akron*  aabb.   The  Fj_,  AaBb  would  be  red.  In 
the  F«,  all  plants  carrying  at  least  ore  dominant  allelomorph 
of  each  factor  pair  would  be  red,  while  Mm  remaining  plants 
would  be  amber,  thus  Riving  nine  red  plants  to  soven  amber 
plants.   In  the  I'3  the  ratio  would  be  one  homosygous  red 
and  eight  segregating  to  seven  amber.  Thus  one  AABB  would 
breed  true  for  red}  two  AABb  and  two  AaBB  r;ould  segregate 
3:1  red  to  amber,  ani  four  AaBb  would  segregate  9»7  red  to 
aabor;  and  the  remaining  combinations  would  have  amber  ker- 
nels. 

The  F3  population  wes  '  ot  a  random  sample  for  kernel 
color,  since  a  larger  proportion  of  the  amber  than  of  red- 
kerneled  plants  were  selected  for  growing  in  F3  because  of 
the  probably  greater  practical  value  of  the  amber  types. 
The  strains  which  bred  true  for  amber  color  showed  indica- 
tions of  different  degrees  of  color  from  light  to  gray  amber. 
Of  the  84  red-kernoled  plants  grown,  15  bred  true  for  red. 
This  is  a  fairly  goou   fit  to  the  expected  ratio  of  1:8,  ho- 
mosygous red  to  negregating,  d/E  =  2»g.   However,  >.hen  the 
observed  numbers  in  the  Fg  are  u3ed  to  calculate  the  Fg  for 
a  random  sample,  the  fit  to  a  1:8:7  ratio  is  not  sood,  due 
to  a  shortage  of  amber  strains  and  a  surplus  of  red.   The 
value  of  P  ,0.02,  indicates  that  only  once  in  abut  49  trials 


■ 


would  as  great  a  deviation  be  expeotod  due  to  chanoo  alone. 

•bile  other  eroasea  with  Pentad  (9)  have  indicated  a 
single  Caotor  dif  eronco  for  kernel  color,  the  rosulta  from 
the  presont  cross  give  a  auoh  better  fit  to  the  1j8:7  ratio 
than  to  a  1:2:1  ratio  which  would  be  expected  in  Pg  if  the 
kernel  color  ware  due  to  a  single  factor  difference.  It 
la  poeslble  that  tho  color  of  /krone  is  oaused  by  different 
factors  than  that  of  other  amber  del—  varieties.  If  two 
eonplenentary  factors  are  responsible  for  tho  kernel  color 
dlfferenoea  observed  in  this  orooo,  It  should  be  possible 
to  prove  It  by  crossing  two  amber  korneled  strains  one'  se- 
curing a  red-keraeled  strain.   Thus  If  AAbb  was  crossed  wilh 
amSB,  both  amber  a trains,  the  Fj  would  appear  red,  AaDb,  and 
would  segregate  in  subsequent  generations  in  the 
•a  a  arose  between  AABB  one  aebb. 

Yield  per  l lent 

Yields  were  obtained  la  1929  on  an  individual  plant 
basis.   The  average  yield  of  88  plants  of  Pentad  waa  6.51 
grans  per  plant  ant  the  average  yield  of  91  plants  of  /krone 
waa  algnlfloantly  higher,  6.68  grane  per  plant.   The  ever, 
age  yield  of  184  Fe  hybrid  plants  waa  Intermediate  between 
the  parents,  6*79  grans*   The  yielde  for  1950  mere  the  aver- 
age plant  yield  for  tho  strains  and  parental  cheek  rows. 
the  average  yields  per  plant  for  the  parents  and  150  F3 
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strains  are  given  In  Table  VI.   In  both  the  P2  and  F3  ge: 
eratlons  the  average  yields  of  the  hybrids  are  Intermediate 
between  the  yields  of  the  parents.   However,  the  order  of 
the  yields  of  tho  parents  In  the  two  years  was  reversed. 
In  1950  Pentad  yielded  on  the  average  4.34  grams  and  Akrona 
only  2.62  grams  per  plant.   This  apparent  Inconsistency  Is 
largely  accounted  for  In  the  difference  in  damage  caused  by 
rust  In  the  two  years.   As  has  been  mentioned,  conditions 
for  rust  were  ideal  Immediately  after  its  appearance  In  1930, 
and  although  the  amounts  of  Inf ootlon  were  vory  similar  in 
the  two  years,  tho  ruat  in  1930  became  so  well  established 
that  it  did  much  more  damage.   That  Pentad  yielded  less  in 
1930  than  in  1929  may  be  attributed  to  the  faot  that  mois- 
ture conditions  in  tho  later  stages  of  growth  were  nore  fa- 
vorable In  1929  than  In  1930. 
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In  both  the  Fg  and  Fs#   the  yields   of   the  hybrids  were 
slightly  nearer  the  yield  of  Pentad  than  that  of  Akror.a. 
This  aay  be  Interpreted  to  Indicate  thet  rust  does  propor- 
tionately  less  damage  In  the  lesser  Infected  plants  than  In 
those  more  heavily  Infected.      That   Is,   Increasing  the   rust 
Infection  from  10   to  20  per  cent  would  not  cause  as   great  a 
reduction   in  the  yield  as  an  increase  from  40  to  50  per 
cent.     This  la   in  line  with  what  frequently  Is   observed  in 
the  field,   namely,  that  wheat  may  show  little  damage   from 
10  to  20  per  cent  of  rust,  while  40  to  50  per  cent   infection 
may  cause  a  sharp  reduction  in  yield  and  test  weight. 

Test     eight  Per  Hushel 

It  was  impossible   to  secure  test  weights   for  the  P2 
generation  since  only  a  few  grams  were  produced   from  each 
plant.     In  the  Fg  generation,  teat  weights  were  taken  on 
all  strains  producing  sufficient  seed  to  measure  In  a  half 
pound  teat  kettle.     Only  72  of  the   150  strains   produced 
sufficient  seed  to   give  test  weight  readings.     The   lack  of 
sufficient  seed  for  test  weight  was'  due  either  to  damage  to 
the   yield  from  rust  or   to   lack  of  sufficient   plants   to  pro- 
duce the  necessary  yield  per  row.     The  moat  Important 
phases   of  test  weight  are  brought  out   later  In  the  diacue- 
sion  of  its   relations  with  other  characters.     The   frequency 
distribution  for  the  test  weight   of  the  hybrids   on  w}  lch 
teat  weights  were   obtained   la  shown  In  'fable  VII. 
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The  results  show  that  the  mean  of  the  hybrids  is  in- 
termediate between  the  parents  for  test  weight.   Hine  hy- 
brid strains  had  test  weights  heavier  than  any  of  tho  Pentad 
check  rows.   Many  of  tho  strains  not  tested  probably  had 
test  weights  lower  than  the  one  Akrona  check  row  from  which 
it  was  possible  to  obtain  a  test. 

Date  of  Heeding 

In  1930  the  dote  of  heading  was  recorded  on  each  Pg 
strain  as  an  entire  row.   No  attempt  was  made  to  take  the 
notos  on  a  plant  basis.   No  heading  data  are  available  on 
tho  F2.   The  distribution  and  neons  of  the  heading  date* 
on  the  150  I,  strains  of  Pentad  x  /krona  cross  and  parents 
are  shown  In  Table  VIII. 
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Although  the  difference  between  the  parents  Is  only- 
one  and  one-half  days  and   la  hardly  significant  In  view  of 
their  probable  errors,  Akron*  repeatedly  has  been  observed 
to  be  from  one  to  three  days   earlier  In  heading  than  pentad. 
The  mean  heading  date  for  the  150  P3  stralrs  is  inter- 
mediate between  that  for  the  parents.     However,  d^ht 
strains  were  latwr  and  two   strains  were  earlier  than  either 
of  the  parents,  possibly  Indicating  tranagreaslve  segrega- 
tion.    This   may  be  Important  from  a  plant  breeding  stand- 
point  If  It   la   found  that  the   earlier  heading  varieties 
are  superior  for  yield  or  quality. 

Date  of  Ripening 


Dates  of  ripening  were  taken  on  the  F3  strains   on  a 
row  basis.     The  distribution  and  means  of  the  ripening 
dates  on  ISO  F5  strains  of  pentad  x  Akrona  cross  and  parents 
grown  In  1930  are  given  in  Table  IX.     The  results  are  some- 
what similar  to  the  data  obtained  for  heading  da  tea.     /k- 
rona  was  two  days  earlier  than  rentad.     Th*  P3  strains 
averaged  one  day  earlier  than  pentad  and  one  day  later  than 
Akrona.     There  waa  indication  of  transgress lve  segregation 
for  earlineaa.     It  appears  desirable   to  teat  thrse  trans- 
greaalve  segregates  In  the  F4  and  later  generations  to 
determine  more  accurately  their  comparative  earllness  and 
whether  or  not  they  are  homosyp.oua  for  earlineaa. 
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Gasoline  Color  Value 

Itoe  geaoline  color  vclv.oa  were  determined  by  the  stan- 
ls   ciard  A.  o.  km   C.  method  with  suoh  minor  altorat-  re  as  seemed 
desirable.   According  to  Sehortx  (15),  the  use  of  a  speo- 
trophotometer  la  nuch  more  eoourate  then  the  colorimeter  In 
the  reading  of  the  oolor  value.   However  a  npoetrophoto- 
meter  was  net  available,  and  since  the  eolorlaoter  rave  con- 
sistent anC  (significant  differoncee  In  the  carotin  contort 
of  tho  parents,  it  wes  oona'  ^red  sctisfaoitory  for  the  pur- 
ose  derirod.  Aa  was  found  by  ; errari  and  leiley  (6),  clf- 
fleulty  was  experienced  in  the  present  study  in  filtering 
where  the  sample  waa  shaken  immediately  before  filtering  and 
also  the  use  of  several  thloknessea  of  filter  paper,  al- 
though clarifying  the  solution  causes  aore  carotin  to  t&aorb 
to  the  paper.  Consequently,  after  standing  for  aoae  time, 
the  solution  waa  deoanted  and  filtered  through  a  single  fil- 
ter paper.   Thus  no  elf  ieulty  waa  experienced  in  obtain- 
ing a  clear  solution.   j^owever,  the**  vrera  irxUcctl  na  of 
adsorption  of  carotin  by  the  filter  ps  per,  or  by  email  flour 
partleles  on  the  filter  where  the  filtering  wes  not  or  e fully 
manipulated*  The  readings  were  mad*  on  S  gram  eemplos  of 
the  ground  whole  wheat  from  each  row  or  strain.  It  waa  found 
that  grinding  to  a  uniform  flneneaa  was  very  noeossary  for 
Banning  eomparable  results. 


. 


Gasoline  color  values  ut  determined  on  durum  wheats  In 
an  attest  to  distinguish  those  of  poor  quality  from  those 
of  -ood  quality  for  the  manufacture  of  semolina.  Balley(l) 
expresses  doubt  that  the  content  of  oarotlnold  pigment  Is 
the  sole  ftctor  In  determining  the  visual  appearance  of 
■aoaroni.   He  auggests  that  the  physical  structure  of  the 
semolina  particles  may  also  affect  the  appearance  of  the 
macaroni  In  much  the  same  way  as  the  appearance  of  the  en- 
dosperm of  the  wheat  berry  Is  determined  in  a  large  part 
by  its  relative  density.   Tills  point  is  important  and  must 
bo  considered  bo for*  final  Judgment  oan  be  rendered  on  the 
quality  of  any  particular  durum  wheat*   Hovrever,  the  amount 
of  carotinold  pigment  is  believed  to  be  ono  of  the  most  Im- 
portant factors  in  durum  wheat  quality  and  furthermore  it 
is  readily  measured,  and  on  small  samples,  whereas  the  phy- 
sical structure  of  the  endosperm,  the  amount  of  graynesa, 
and  the  nature  of  the  protein  are  rather  abstract  quali- 
ties, more  difficult  to  evaluate.  Therefore,  the  determi- 
nation of  the  oarotlnold  pigment  is  considered  important, 
particularly  in  a  study  of  hybrid  mat  •-•rial. 

Theoretically,  a  durum  wheat  with  high  carotin  content, 
as  indicated  by  high  gasoline  color  value,  Is  more  i esirable 
than  one  of  low  carotin  content  anc  giving  a  low  gasoline 
color  reading.   Actually,  some  of  the  durum  varieties  of 
moderate  carotin  content  are  very  desirable  and  may  be  even 
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Crude  Protein  Content 

Crude  protein  determinations  were  made  on  the  parents 
In  1929  and  on  the  parents  and  P3  hybrids  in  1930]^ 

In  1929  the  parents  showed  but  little  difference  In 
protein  content,  both  of  them  being  high.   Pentad  had  an 
average  of  15.2  per  cent  protein  and  Akrona  had  15*1  per 
cent.   The  frequency  distribution  and  means  for  crude  pro- 
tein content  of  the  parents  and  149  F3  strains  In  1930  are 
given  In  Table  XI.   Pentad  again  was  high  with  an  averag* 
of  14.9 ±0.08  per  cent  protein.  As  will  be  pointed  out  In 
a  discussion  of  the  correlations,  the  low  average  protein 
content  of  Akron*  In  1930,  13.5+0*08  per  cent.  Is  very  like- 
ly a  result  of  the  damage  fro»  rust. 

The  average  protein  content  of  the  P3  hybrids,  14*1  t 
0*04  per  cent  was  Intermediate  between  the  parents^  Three 
F3  strains  were  lower  In  protein  content  than  any  of  the 
Akrona  rows*   There  was  some  ten;oncy  for  low  protein 
strains  to  predominate     This  may  reflect  the  tendency 
toward  susceptibility  to  rust  rather  than  Indicate  a  par- 
tial renetic  dominance  of  low  protein  content* 


v  The  crude  protein  determinations  were  made  la  the  Re- 
search Laboratory  of  the  Bureau  of  Agricultural  Economics, 
•  ashlngton,  D.  C. 
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more  desirable  coranercially  than  one  with  an  extremely  high 
gasoline   color  value,     perhaps    the  use  of  the  gasoline  color 
test   in  studying  the  quality  of  strains  of  durum  crosses 
will  be  most  valuable  when  used  primarily  to  make  certain 
that  the  new  strain  has  sufficient  yellow  color  to  make  it 
commercially  desirable. 

Gasoline  color  values  were  determined  on  the  parert 
check  rows  in  1929,   and  on  the  individual  Fs  strains  of  the 
pentad  x  Akrons  cross  and  on  the  parents  in  1930.     In  1929 
Pentad  had   a  gasoline   color  value  of  0.71,   and    Akrons  1.4S. 
The  frequency  distribution  and  means   for  the  data  obtained 
on  F_   strains  and  pi  rents  in  1930  are  shown  in  Table  X.     Ak- 
rona  had  a  very  nuch  higher  color  value  than  pentad,   their 
mean  color  values  being  1.97  *   .03  and  O.to   ±    .0?,   res- 
pectively.    The  color  values   of  the  F3  strains   indicated 
a  tendency  for   low   color  value  to  be   partially  dominant. 
The  mean  value  of  the  Fg   strains  was   1.25  ±    .01,  which  is 
nearer  the  mean  of  pentad  than   of  Akrona.     Forty-four  out 
of  150  F3  strains   or  29.3  per  cent  were  within  the   range  of 
the  Pentad  or   low  color  parent,  whils    only  10,   or  6.7  per 
cert  were  within  the  range  of  the   Akrona,   or  hii?h  color 
parent.     These  observations   are   In  line  with  observations 
made  on  strains  of  Pentad  x  i.indum,   where   considerable 
difficulty  was   experienced  in  finding  strains  carrying  tha 
deairsble   color  of  the   r.indum  parent. 


ASSOCZHSIOB   OF 

In  order  to  ooncJuct  wheat  brooding  effectively  It  1b 
» SBory  *°  understand  tlie  inter-relations  of  the  several 
characters  under  observation.   For  instance  If  it  is  known 
which  characters  have  the  aajor  effect  on  ylold  and  quality 
and  their  lntor.*elation,  it  is  possible:  to  seleet  for  the 
desired  type  acre  intelligently  and  with  greater  Shsnms  of 


Characters  Correlated 


Sinple  correlation  ooeffiolents  are  shown  in  Table 
XII  for  pairs  of  tho  quantitative  characters  studied  in  the 
Pentad  x  Akrona  cross.   While  none  of  these  values  is  hip 
they  are  all  Important  la  showing  either  no  relation  bet 
oharaotors  or  a  si  nlfioant  tendency  for  the  charaot« 


Table  Xll.-Sisiple  correlation  coefficient,  for  paire  of  characters 

in  the  Pentad  x  Akrona  dune*  wheat  cross  grown  in  10*9  and  1950, 

at  Langdon*  H.  Dak* 

Amber  of 

Character*  correlated!     variates                 r           P  E. 

r/P.E. 

Stem  rust  infection  in  F3  and: 

p     nMt                                            160             +0.675*0.050 

22.4 

yield  per  plant                           160             -  .511*  .050 

6.2 

Teat  weight                                     72             -  .456*  .064 

6.8 

Heading  date                                  160             ♦  .150*  .064 

2.4 

Ripening  date                               160             -  .010*  .066 

•2 

Gasoline  color  Talue                 160             ♦  .06T*  .065 

1.2 

Protein  content                           149             -  .8641  .048 

7.6 

Yield  per  plant  in  F5  and:                                        _       

p.  d.id                                          160             •  .002*  .066 

•04 

Tost  weight                                     72             ♦  .229*  .076 

5.1 

Heading  date                                  150             -  .221*  .062 

4.2 

Ripening  date                               150             ♦  .230.-  .062 

4.4 

Gasoline  color  Talus                 150             •  .047*  .066 

•9 

Protein  oontent                          149             ♦  .011*  .062 

Test  weight  of  Fg  strains  andi 

Heading  date                                   72             •  .596*  .067 

.2 

6.9 

Ripening  date                                 72             +   .229*  .076 

5.1 

Gasoline  oolor  Talus                    72              -  .668*  .066 

10.1 

Protein  content                              71             ♦  .026*  .080 

5.5 

Bee dine  date  of  F«  strains  and: 

Ripening  date                               150             ♦  .520*  .049 

6.6 

Gaaoline  oolor  Talue                  150             -  .040*  .066 

.7 

Protein  content                           149             ♦  .256*  .062 

4.6 

Ripening  date  of  Fs  strains  and: 

Gasoline  color  Talue                  160              -  .266*  .061 

5.2 

Protein  content                           149             -  .247*  .062 

4.7 

Oa sol ins  color  of  Fg  strains  and: 

Protein  oontent  *                         149              -  .166*  .054 

2.9 

■ 
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Staple  oo:  relations*    The  correlation  between  the 
average  s ten-rust  Infection  on  the  150  F3  strains  and  the 
infection  recorded  on  the  Pg  plants  from  which  these  strains 
were  derived,  was -f-0. 673:^0 ,030.   This  Is  both  Important 
and  significant.  The  distribution  of  the  data  is  shown  in 
Table  2. 

The  correlation  betv/een  stem-rust  infection  and  yield 
of  Ps  strains,  -0.3irj: 0.050,  Is  slfiilf leant  and  may  be  con- 
sidered of  some  Importance  from  a  plant  breeding  standpoint • 
It  shows  a  definite  tendency  for  the  strains  which  are  more 
susceptible  to  rust  to  be  lower  in  yield.   This  value  shows 
how  the  yield  was  reduced  by  rust  In  1930,  when  conditions 
were  so  favorable  for  rust  development. 

Yield  apparently  is  governed  by  a  more  complex  series 
of  factors  than  test  weight.   Test  weight  appears  a  better 
indication  of  damage  caused  by  rust  than  yield  as  the  cor- 
relation coefficient  between  rust  infection  and  test  weight, 
..0.43610.064,  is  more  important.   Because  of  lack  of  suf- 
ficient seed,  test  weight  was  obtained  oni  only  72  of  the  150 
P3  8 trains.   The  effect  of  ru3t  on  tost  weight  probably 
would  have  been  more  clearly  shown  hac  it  been  possible  to 
gefc  test  weights  on  every  strain,  because  lack  of  sufficient 
seed  was  principally  due  to  damage  from  rust.   This  is 
proven  by  a  comparison  of  the  average  rust  percentage  of 
rows  on  which  test  weights  were  obtained,  and  that  of  the 


rows  on  which  tost  weights  wore  not  obtained,   The  average 
rust  on  rows  that  produced  enough  grain  to  determine  toot 
weights  wes  29*4  per  oent  as  compared  with  an  average  rust 
infocti  n  of  35.6  >;er  oent  for  the  rows  that  did  not  pro* 
dues  onou  'h  grain  to  determine  test  weight. 

The  effect  of  rust  on  protein  is  shown  by  the  negative 
correlati  n,  -0.564 to ,048.  Thus  the  strains  more  suscep- 
tible to  rust  tended  to  be  lower  in  protein.   This  is  in 
line  with  the  reaetlon  of  the  parents.  In  1950,  when 
from  rust  wes  revere,  /krone,  the  susceptible  parent,  wee 
significantly  lower  in  protein  then  ranted,  the  resistant 
parent.   This  reletlon  between  protein  content  end  rust 
infection  may  eppeer  contradictory  to  the  generally  eoee  ted 
ideas!  i.e.,  rust  causes  shrivelling  end  shrivelled  grain 
is  higher  in  protein.   However,  Shollenberger  end  Kyle(16) 
eonduoted  studies  on  the  reletlon  of  protein  to  test  weight 
end  found  that  the  relation  between  the*  was  curvilinear* 
In  1290  samples  fron  the  spring  wheat  states  in  the  years 
1915  to  190  they  found  that  for  samples  weighing  an 
65  pounds  per  bushel,  the  correlation  between  test  weight 
end  protein  wee  negative,  while  for  semples  weighing  less 
then  55  pounds  per  bushel,  the  correlation  was  positive. 
They  observed  that  test  weights  below  55  pounds  occurred 
rarely  except  under  conditions  of  severe  rust,  end  concluded 
that  rust  wes  responsible  for  the  lowering  of  protein  in 


those  cases.     The  lowering  of  test  weights   to   about   the  55 
pound  level  was  attributed   to  lack  of  moisture  which  arrests 
the  growth  and  shortens  the  fruiting  ;crlod.     It  would  ap- 
pear In  the  pentad  X  Akrons  cross  the.t  rust  rather  than 
moisture  was  the   limiting  factor,  and  hence  the  negative 
correlation  between  rust  and  protein  agrees  with  the  results 
cited. 

The  correlation  between  yield  and  teat  weight,  *0JzU9* 
.075  Is  positive  but  not  Important  and  barely  significant. 
It  shows  a  slight  tendency  for  strains  producing  n  high  yield 
to  bo  high  In  test  welrjit.     This  correlation,  however,  doea 
not    rive  the  full  relation  between  yield  and  test  wel-ht, 
since  only  "2    of  the  150  strains  produced  enough  seed   for 
test  weights  to  be  determined.     The  strains   on  which  test 
weights  were  taken  yielded  on  the  average  4.08  grams  per 
plant,  while  the  strains  on  which  test  weights  could  not  be 
obtained  averaged  only  S.25  grams  per  plant.     Sot  all  of 
this  differe-co  can  be  attributed  to  raat,   however,  since 
there  waa  some  difference  In  the  number  of  plants  per  row, 
duo  to  the  death  of  varyin  |  numbers  of  plants,   during  the 
season.     The  a v  rage  number  of  plants  per  row  in  the  strains 
on  which  t>  st  weight  could  not  be  determined  was  52.8,  while 
the  average  for  those  strains  having  test  weight    readings 
was  58.1  plants.     Because  of  the    rust  d smuge  a- d  thr-  nega- 
tive correlations  cV  rust  with  test  weight  and  yield,   it 


would  follow   that  the  poative  correlation  between  ylia 
and   teat  weight  ahould  have  been  larger. 

A  small  negative  correlation  between  yield  and  date  of 
heading,  -0.2214.052    Is   atatlstlcally  aignificant  but  not 
Important.     It   lndlcatea  a  slight  tendency  for  the   early 
heeding  strel-s   to  yield  more  than  those  which  headed  later. 

The   correlation  between  yield    and  date  of  ripening  la 
positive,  -tO.2304.052,   and  is  also  statistically  significant 
but  not   important.     This  lndlcatea   that  a   long  fruiting 
period   Is  desirable  and  tends  to   Increase  yield. 

A  fairly  Important  negative  correlation,   -0.3964.067, 
was  found  between  test  weight  and  date  of  heading.     A  less 
Important  positive   correlation,   ■tO.2294.075  was   found  be- 
tween test  weight  and   ripening.     This   shows  the   tendency  for 
earlier  heading  and  later  ripening  strains  to  be  the  high- 
er in  teat  weight,  and  again  emphaaises   the  desirability  of 
e   long  fruiting  period.     An  Important  negative  correlation, 
-.5584.055,  was   found  between  teat  weight  and   gasoline 
color  value.     This   Indicates  that  strains   with  higher  teat 
weight  may  be   expected  to  have  a   lower  gasoline  color  value. 
The  poaltlve   correlation,  «0.3204.049,  between  dates  of 
heading  and  ripening  is   Important  and  shows   a  significant 
tendency  for  tho8e  stralna  which  were  early  in  heading  to  be 
early  In  ripening.     The  positive   correlation  of  «0.2384 
.052  between  heading  date  and  protein  content   lndlcatea 


that  the  later  heading  strains  have  a  alight  tern  ency  to  be 
the  higher  In  pes*  cent  crude  protein.   The  negative  correl- 
at  on,  -0.266+0.051,  bot^oen  date  of  ripening  end  asoline 
color  value  la  statistically  significant  but  not  Important. 
This  indicates  that  the  later  ripening  stralna  have  a  slight 
tendency  to  have  a  lower  gaaoline  color  value.  The  small 
negative  correlation  of  -0.247  2"  0.052  for  date  of  ripening 
with  protein  content  shows  a  small  but  slrniflcant  tenda 
for  the  later  ripening  strains  to  be  the  lower  in  protein. 

Partial  oorrelatlona.  Partial  and  multiple  corrolation 
coefficients  for  oorttin  of  the  oharactors  studied  are  given 
In  Table  XIII.   The  characters  on  whioh  partial  correlation 
coefficients  ware  calculated  were  selected  on  the  bc-sis  of 
their  probable  causal  relations  with  the  other  C  or;  cters. 
Thus,  of  the  characters  studied  la  tho  cross,  yield,  tost 
weight,  gasoline  color  value  and  per  cent  of  crude  protein 
wars  considered  to  be  the  rs suiting  characters.  The  char- 
acters affecting  thc-.e  were  selector  from  a  study  of  the 
lations  indicated  by  tho  simple  coefficients  of  co^  relation. 
Staai-rust  Infection,  dates  of  hea<  ing,  and  ripening  were  con- 
sidered to  be  the  characters  affecting  yield,  test  weight, 
and  crude  protein  content.  Test  weight  and  date  of  ripening 
appeared  to  be  the  characters  af footing  gasoline  oolor  value. 
It  appeared  that  a  bettor  picture  of  the  true  relations  be- 
tween the  resulting  and  an  affecting  character  might  be  ob- 
tained if  the  other  affecting  characters  co-ilt  be  held  C'  - 
start. 
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As  shown  by  the  partial  oorrelati ^ns,  rust  and  cates  of 
heading  and  ripening  had  about  equal  Influence  on  yield.  Hone 
of  theao  correlations  was  bery  high.   It  Is  significant, 
however,  thai  the  partial  correlation  coefficients  for  yield 
with  heading  and:  ripening  dates  were  higher  than  those  for 
simple  correlation.   This  indicates  thr.t  the  correlation 
bet..eon  heading  ana  rlpejiing  togeOier  with  their  conflicting 
effect  on  yield  masked  thoir  respective  true  relations  wit'- 
yield. 

The  conflicting  effects  of  heading  and  ripening  dates 
are  again  brought  out  in  relation  to  tost  weight.   The  par- 
tial correlation  coefficients  for  test  weight  with  rust  and 
heading  and  ripening  dates  are  all  higher  than  were  the  sim- 
ple oorrolatlons.   Froa  a  comparison  of  the  partial  correl- 
ations, it  appears  that  heading  taM  hat!  the  moat  effect  on 
test  Might*   Eov/ever,  since  test  weights  were  only  avail- 
able on  the  72  higher  yielding  strains,  it  nay  bo  that  test 
weights  on  the  remaining  78  strains  would  have  indicated 
that  rust  hac  more  effect  on  the  variability  of  tost  weight 
than  did  heading. 

The  ata  also  Indicate  that  test  weight  hac  much  more 
influence  on  gasoline  color  than  did  date  of  ripening. 

Again  in  the  case  of  per  cent  crude  protein,  the  mask- 
ing effect  of  the  correlation  between  heading  anc  ripening 


dates  is  desanstreted.  The  partial  correlations  of  both 
hearting  and  ripening  c  atea  with  per  east  protein  are  higher 
than  the  corresponding  sinple  eor relation a*  The  eorr elation 
betseon  rust  and  protel  ia  alao  ao  ontuatod,  thffajgh  sat  in 
ao  great  proportion* 

Multiple  eorrolatlona.   By  the  use  of  aultlple  eorrel- 
ationa  it  is  possible  to  show  how  aueh  of  the  total  varia- 
bility of  a  given  eheraefcer  la  eeneed  by  the  other  ohareoa* 
era  under  atady.   from  the  smltipla  correlation  values  it 
is  seen  that  on  y  ab*ut  £0  par  aant  of  the  totsl  injaarnd 
variability  (far ianea)  if  yield  in  F5  ia  oaaned  by  mat*  data 
of  heading,  and  ate  of  ripening*  In  the  eaaa  of  teat  weight 
about  54  per  aant  of  the  total  eojeared  variability  ia  caused 
by  the  three  er  erectors  studied.  It  was  also  found  that 
38  per  cent  of  the  total  aquared  variability  of  gasoline 
aolor  Is  caused  by  test  weight  an   ate  of  ripening*  Far 
protein  about  35  par  aant  of  the  variance  aaa  tensed  by  ru  t , 
and  hearting  and  ripening  dates,   actor a  other  than  the  ones 
here  considered  evl  ently  have  ooneiderabla  influenoe  on  the 
character a  yield,  test  weight,  geeoline  color  value,  and 
crude  protoln  content* 

A  aonparison  of  the  aoaffleienta  of  nolt'ple  correlation 
ahova  that  a  larger  proportion  of  the  variability  has 
accounted  for  in  test  weight  than  in  yield*  This 


gests  t  at  yield  Is  the  result  of  a  more  complex  sat  of  fac- 
tors than  Is  tsst  weight. 

Characters  not  correlated 

Bo  important  or  .lgnlfloant  correlation,  were  found  be- 
tween rust  infection  and  dates  of  heading  or  ripening  and 
gasoline  color  value.   The  average  yield  of  F3  strains  was 
not  correlated  with  the  yield  of  the  P2  parent  plants,  with 
the  per  cent  of  crude  protein,  nor  with  the'r  gasoline  color 
value.   lest  weight  was  not  correlated  with  rot.in.  There 
also  was  no  correlation  between  date  of  heading  nor  per  cent 
of  crude  protein  and  gasoline  color  value. 

latlons  of  Kernel  Color  to  other  Characters 

Results  were  h  tained  on  the  relation  of  color  of  ker- 
nel to  the  other  characters  studied.  These  data  are  shown 
la  Table  XIV.   The  relation,  generally  are  not  s  atistioally 
significant,  but  their  consistency  may  indicate  that  they 
are  caused  by  something  more  than  chance  v  riation. 

The  red  temeled  .train,  were  aMghtly  but  not  signifi- 
cantly more  rusty  in  both  the  P2  ■»«  *»  the  FS  than  th*  "* 
her  .train..  In  the  F5  the  strain,  .egregatnng  for  oolor 
were  intermediate  in  rust  reaction  between  the  homozygous 
red  and  amber  strains.  The  parents,  however,  react  to  rust 
in  the  opposite  manner,  I.  e.,  *entad  (red  kernels)  Is  much 


more  rust  resistant  than  Akrona  (amber  kernels) 

In  the  F2  generation  the  av  rage  yiolc  of  the  amber 
strains  was  higher  than  that  of  the  red  strains.  The  dif- 
ference, however,  was  not  significant  in  the  lir-ht  of  the 
probable  errors.   There  appears,  however,  to  be  a  consis- 
tent relation  between  kernel  color  and  yleldjbecause  in  1930, 
the  average  yield  for  the  strains  with  amber  kernels  was  lc 
er  than  that  of  the  red  strains,  their  order  being  the  si 
as  that  of  the  parents.   The  segregating  strains  were  inter- 
mediate In  average  yield  between  the  red  and  amber  strains. 

In  1930  the  Pentad  parent  w&s  consistently  higher  In 
test  weight  than  Akrona.   The  mean  test  ./eights  of  the  red 
and  amber  F3  strains  show  significant  differences  in  the  same 
order  as  the  parents.   The  amber  Fg  strains  have  a  lighter 
test  weight  than  the  red  strains  In  spite  of  the  fact  that 
they  were  not  more  rusty. 
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The  relation  between  heading  date  end  kernel  color  la 
not  definite.     Possibly  the  data  might  be  interpreted  to 
Indicate  o  tendency  for  the  red   P3  atrelna  to  be  allgt  tly 
later  In  heading  than  the  amber  atralna. 

The  relation  between  kernel  color  end  date  of  ripening 
appears  pore  definite.     Here  the  red  F3  atralna   are  one  day 
later  In  rlpenlr.g  than  the  amber  strains,  ShUta  the  atralna 
segregating  for  color  are   Intermediate.     Theae  differences 
are  not  very  great  but  probably  are  algnlflcnnt  in  view  of 
the  fact   that  the  two-day  difference  between  the  parenta  haa 
been  repeatedly  observed.     If  such  a  relation  holds,  ?• 
ahould  expect   the  red-kerneled  a  twine,  which  ripen   later 
then  the  amber  atralns,   to  carry  u  higher  yield  ant'  a  hlghe 
test  weight  thar  the  amber  strains.     This  was  the  cose. 

Significant  differences  were  obtained  between  the  gaso- 
line color  values  for  the  red  and  *mber  kernel  colrr  groups. 
These  difference  corresponded   to  the  differences  observed  In 
the  parents.     The  red-kernoled  F^  strains   had  a  nwran  gasoline 
color  value  of  1.16*  .07,  the  aegregatlng  kernel  color  group 
1.^0*  .02,  and   the  ember  kernel  colored   group  1.32* .03.     If 
this  relation  holds  true  In  other  crosses  It  will  be  of  much 
value  In  selecting  strains   for  desirable  qu.'llty,  and  sug- 
geata  that   from  the   standpoint  of  quality  there  will  be  valid 
objection  to  continuing  red-kerneled  atralna.     There  was  a 
definite  but  not  statistically  significant   tendency   for  thw 


red  strains  to  bs  hlghsr  In  pr  toll*  content  than  ths  nsgrs- 
getlng  or  ashs*  kerne led  strains. 


Fe  sac  F,  gsasrations  of  ths  Pentad  x  Akrons. 
at  cross  wsrs  studied  for  segregation  of  end  aosoolat 
the  characters,  steoi  rust,  fcsroel  color,  yield,  test 
weight,  heading  date,  ripening  date,  gasoline  color  value, 
sad  «r»de  protein  content.   In  the  F2,  XB4  plants  snd  la 
ths  F8,  160  strains  were  crown. 

Ths  parent  and  hybrid  nstorlal  wise  olaoalfled  for  st 
rust  lnfootlon  on  an  Individual  plant  basis.   Ths  results 
that  rust  reaction  was  Inherited  as  a  quantitative 
rotor.   In  tho  Fg  the  distribution  of  the  hybrid  plants 
was  lnt onaedlate  between  ths  parents  and  rossablod  a  normal 
curve,  with  SO  per  cent  rust  ao  the  modal  olass.   The  avor- 
ags  rast  peroentags  was  31.7.   By  oorreotiag  the  Fg  dia- 
trlbution  froa  the  Fs  strains  grown  there  was  Indication  of 
partial  rominanoe  of  susoeptlbllity.   Very  few  of  the  plants 
or  strains  had  the  reslstanos  of  Pentad  while  aany  of  thea 
as  susceptible  as  Akrons..   Ths  high  eorrelation  be- 

tho  Fg  sad  ths  F5  stem-rust  infootlons  indicated 
epidemic  was  caused  by  the  sans  physlologlo  form  or 
of  forms  la  the  two  seasons,  and  that  the  results  ob- 
tained wsrs  •  true  nsasurs  of  ths  inherent  reactions  of 


to  rust*       Th*  Pj  pl&ata 
of  Mgrvgetlca  for 
of  tb*  Stronger  roalatano*  of  Pentad. 


evidence  of 
typoa  la  tb 
Claeslfloctl 


F«  atraina  for 


Ml  the  baele  of  the  aten  ard 


UtloB  In  line  with  that  of  tb©  parent a  ladleated  « 

p«r  oent  of  tb*  P3  strain*  wore  hoaaayawwa.   thle 

of  htseeaygoalty  would  be  expe*t*d  of  tb*  Fs  *trein*  If  fir* 

faetor*  of  *<jubJ.  af  root  war*  responsible  for  th*  rut  roao- 

tlon*   Two  or  three  aajor  *ad  other  minor  faotora  a*y  oa 

trol  tbo  r  eastlon  to  etea  mat  la  tbla  croon. 

tb*  Cat*  for  toroel  color  did  not  fit  any  ■aadallaa 
ratio  aatls factor  ily.  A  fair  fit  we*  ebt*ln*d  to  •  ratio  of 
0  red  to  T  aaber  kernel*  la  tb*  P»  gaaaratlun  aad  to  a  lift** 
ratio  for  rod,  ■egregatlng,  aad  anber  Sa  tb*  Fs.   Sal*  alght 
be  owplalwd  oa  tb*  btela  of  two  *oapleawat*ry  faetor*  for 

rati (l  would  bar*  tb*  sja 
k*bb.   It  1*  pointed  out  that  If 
tbl*  hypotheal*  Is  oorr  ot  :t  should  be  poaalbl*  to  oroaa 
two  aabar  kernels  pleat*,  AAbb  with  aa£B,  aad  obtcln  a 
k*  r *l*d  Fj,  AaBb. 

tb*  avwrag*  yield  par  plant  of  the  byWld*  was  late 
dl*t*  betaaea  tb*  arorag*  yield*  of  tb*  parents,  la  both  (pa- 
in both  sea  ■one  the  awore+T*  yield*  of  the  parent* 

•Ualfloantly  dlfforwnt.   la  1989,  Akron*,  aad  la  1930 
the  higher  yield,   the  raweraal  of  raak  of 
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parents  as  to  yield  In  the  two  years  Is  attributed  to  the 
fact  that  the  rust  caused  more  damage  to  the  crop  In  1950 
than  In  1989. 

Data  on  test,  weight,  date  of  leading,   date  of  ripening, 
gasoline  color  value  and  crude  protein  content  were   obtained 
In  the  Fj  generation,  on  each  Fj  strain  and  parent  check  row. 
The  average  of  the  hybrids   for  each  character  was   Inter- 
mediate between  the  averages   of  the  parents.     Trar sgresslve 
segregation  was    indicated    In  teat  weight  per  bushel,  date  of 
heading,  and  date  of  ripening.     Low  gasoline  color  value  ap- 
peared to  be  partially  dominant   over  high  color. 

Associations  between  characters  were  studied  by  means 
of  averages,  and  simple,  partial,  and  multiple  correlation 
coefficients. 

In   1930  when  rust  caused   obvious    damage  significant 
negative   correlations  were  obtained,   for  rust   Infection  with 
yield,   test  weight,   and  protein  content.     The  negative  cor- 
relation between  rust   and  test  weight  was  larger  than  that 
for  rust  and  yield,   Indicating  that  test  weight   Is  more   direct- 
ly affected  by  rust   than   Is   yield,      A  positive   correlation  b 
between  rust  and  heading  date   showed  only  a  slight  tendency 
for   the  early  heading  strains    to  avoid  aevere  rust    infection. 
Thus   the  rust  epidemic  was  severe   enough  to  Injure  the 
susceptible  plants  regardless   of  date  of  heading.     Ho  cor- 
relation was   obtained  for  rust  and  ripening  date  or  rust 
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and  gesoline  color  value. 

Ho  correlation  was  found  between  yield  In  F2  and  F3. 
The  F8  strains  with  higher  yield  tended  to  have  higher  teat 
weights  and  earlier  heading  and  later  ripening  dates  than 
the  lower  yielding  strains.   Ho  correlation  was  found  for 
yield  with  gasoline  color  value  nor  protein  content.  The 
effects  of  rust  and  heading  and  ripening  dates  on  yield  were 
studied  by  means  of  partial  correlation  coefficients,  These 
revealed  a  decreased  relation  between  rust  and  yield  and  em- 
phaalsed  the  relations  of  heading  and  ripening  to  yield.  The 
■ultiple  coefficient  of  correlation  of  rust,  heading,  and 
ripening  dates  with  yield  Indicated  that  about  30  per  cent 
of  the  squared  variability  or  variance  in  yield  had  been 
accented  for  by  the  factors  under  observation,. 

Simple  correlation  coefficients  showed  that  strains  high 
in  test  weight  tended  to  be  earlier  In  heading,  later  in  ri- 
pening. Ml  lower  in  gasoline  color  value  than  strains  lower 
In  teat  weight.   These  relations  were  emphasised  by  a  com- 
parison of  the  averages  of  the  eharacters  for  strains  on 
which  test  weights  were  taken,  with  the  averages  for  the 
strains  on  whloh  test  weights  were  not  available  because  of 
Insufficient  grain. 

Partial  correlation  coefficients  for  rust,  heading,  and 
ripening  dates  with  test  weight  accentuated  the  relations, 
particularly  the  correlation  between  test  weight  and  heading. 


t   aaltlpla  oorrolatloa  coofflolsnt  sbosad  that  aora  of  tbs 
variability  or  v&rlanes  la  tost  as lab*  had  baan  aa- 
for  than  1b  ylelc,  about  M  par  oaat  Doing  aaaaad 
by  mat,  sad  heading  and  ripening  dates. 

Heeding  date  shaaed  aaall  bat  slgnlflaaat  positive 
rolatlons  with  rlpaalB«  data  aad  protein  eo~tent  bat  no 
relation  *aa  foaad  between  baadlae  ate  aad  gaeallna  color 
▼alas. 

fbara  aas  aaaa  ton  enoy  for  strains  with  early  to  tea 
of  ripaalac  to  be  higher  la  re  soil-  e  color  rain*  then  the 
later  strains.   Mana  tbs  offeot  of  test  weight 
tad  by  the  aaa  of  partial  oorr  latlon,  tts 
as  aariinl .   Pcrtlal  ooeffloionte  of  correlation  of  tost 
aalgbt  aac  ripaalac  dabs  with  gesallne  oolor  value  ten  sd 
to  rsdaas  tbs  relatione  botassa  those  abaraotsrs  aad  gnae- 
llaa  oolor  value,   lbs  anltlple  eorrelatloa  eoef  lolent 
dloated  that  M  par  oaat  of  tbs  squared  variability  or 
lanes  la  gaeollne  color  value  bad  bsaa  aooouatoC  for* 

A  aaall  negative  aorrslatloa  aas  obtalasd  bstaaaa 
'  c  data  aad  prots'.a  coatee*,  the  aaall  negative  aarrslaUoa 
bstaaaa  gaeollne  oolor  aac!  protein  aaa  hardly  significant. 
Partial  aarrslatloao  aaesataataa  tbs  relations  of  root 
action,  aw!  hsaiirg  an:  ripening  ciataa  to  protein  sad  I 
salt 'pie  correlation  for  protsla  eontent  abaa  tbasa  ofaaraot 
eoaaldsrsd  ahoaad  that  about  W  par  seat  of  tbs 


variance  in  protein  was  caused  by  these  three  characters. 

A  study  of  the  relation  botv/een  kernel  colors'  and  the 
other  characters  revealed  some  significant  differences.  The 
Akrons  parent  is  earlier  than  Pentad.   The  amber  strains  of 
the  eross  were  earlier  than  the  red  strains,  while  the  seg- 
regating strains  were  intermediate.  The  positive  correla- 
tions of  yield  and  teat  weight  with  date  of  ripening  may  in 
part  be  responsible  for  the  tendency  for  red  strains  to  be 
higher  both  in  yield  end  test  weight  than  the  amber  strains. 
The  red-kerneled  strains  showed  a  significantly  lower  gaso- 
line color  value  than  the  amber-kerneled  strains.  This  in- 
formation should  prove  useful  in  seleetion  of  durum  wheat 
for  quality. 

The  study  indicates  that  from  both  the  commercial  and 
the  agronomic  point  of  view,  tho  desired  durum  variety  should 
bo  rust  resistant,  amber  kerneled,  high  in  .^tsoline  color 
value,  moderate  in  protein  content,  early  in  heading  and  late 
in  ripening  with  consequent  high  yield  and  test  weight. 
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